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I. INTRODUCTION
The highest energy hadronic interactions currently observable occur when a primary cosmic ray strikes an air
nucleous. For primary protons with energys of 10
18
eV, which are easily observed in the Utah \Flys's Eye" detector,
the
p
s exceeds that of the recently cancelled SSC. The phenomenology of the extensive air shows created by the
hadronic cascade in the atmosphere depends critically on the hadron-nucleus and the nucleus-nucleus cross sections
at extremely high energy. Furthermore, extracting any information about the basic hadronic interactions requires
some model that can reliably relate the nuclear cross section to nucleon cross section. The purpose of this paper is to
develop such a model and check it with experimental data in the energy range in which both the hadron-nucleus and
hadron-nucleon cross sections are known.
At high energies hadron-nucleon scattering applitudes become very simple. The amplitude is diractive being dom-
inated by the imaginary part with rather weak(logarithmic) energy dependence. The momentum transfer dependence
in the dominate part of the diraction peak is a pure exponential. This is to be contrasted with the situation at
lower energies where resonance phenomena produce rapid energy dependence and complicated angular dependence.
In this paper we have resurrected an old model of Fishbane and Trel, and of Franco [1] and show that this simple
application of the Glauber multiple diraction model [2] can be used to provide reliable hardon-nucleus cross sections
from the basic hadron nucleon interaction. We further argue that since no energy dependence is required in this model
in tting the data i.e. the distribution of nucleon in the nucleus is independent of the momentum of the incident
hadrons, this method should continue to be applicable to scattering at the highest cosmic ray energies.
In the next section we will review the Glauber multiple diraction model for hadron-nucleus and nucleus-nucleus
scattering assuming a Gaussian distribution of nucleons in the nucleus. In section III, we determine the input
parameters, the hadron-nucleon cross sections and slope parameters for P   P;
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  P . The two parameters of the nuclear model are then adjusted to t the corresponding nuclear cross
sections as measured by Carroll et al [3]
In the nal section we obtain simple ts to the energy dependence hadron-nucleon parameters and propose a simple
model which satises partial wave unitarity and can be use to extrapolate these quantities to very high energy. These
extrapolations are then used to calculate the hadron-air and nucleus-air cross sections in the energy range needed in
the phenomenology of extensive air showers produced by cosmic rays.
II. THEORETICAL FORMULATION OF HADRON-NUCLEUS AND NUCLEUS-NUCLEUS
SCATTERING
many authors including those listed in [1] have the Glauber multiple diraction approximation [2] to relate hadron-
nucleus scatttering and nucleus-nucleus scattering to the basic hadronic interaction. In the interest of making this
paper self contained we will review this procedure.



























) is the scattering applitude in impact
parameter space and, often refered to as the nuclear prole function, and is bounded unitarity because the imaginary
part of 
h A
is positive. In this treatment we will ignore spin and treat neutron and protons alike as nucleons. The
essential approximation of the Glauber model is that the scattering is predominately forward and that the nuclear
1
phase shift is given by the sum of the phase shifts for the collisions of the hadron with the individual nucleons in the
nucleus. If correlations between the nucleons are ignored and we average over the position of the (A) nucleons relative
to the center of mass of the nucleus, the contribution of each nucleon to  
h A





























where (~r) is the single nucleon density, ~r
?
is the components of ~r in the impact parameter plane and  
h N
is the


















All of the scattering processes are at a xed incident hadron momentum. Being able to neglect the nuclear Fermi
momentum is another simplication that is possible at high energy.
The multiple diraction approximation can also be applied to nucleus-nucleus scattering [3,?]. In this case the
overall phase shift is, according to the Glauber assumption, simply the sum of the phase shifts of AxA' individual
nucleon-nucleon interactions. In this case we must average over the positions of the nucleons in both nuclei. Again if































































































This is of course only valid for A > 1 and for A = 1 the density should be a -function. While other distributions such
as Saxon-Wood are probably more realistic this form seems to work very well. When the density given in equation
(2.6) is combined with the observed form for the hadron-nucleon scattering amplitudes, allow equations (2.4) and






If we use experiment to determine  
h N
, the only free parameters in this model are R
0
and . These could of course
depend both on energy as well as particle type, although the simplest picture in which the density only reects that
average positions of the nucleons would seem to be the most satisfactory .
The hadron-nucleon elastic amplitude at small momentum transfer are well t by a Gaussian form. More compli-
cated dependence appears at larger angles, but it is the simple small angle region makes the dominate contribution
to the elastic cross sections. This remains the case up to the highest experimental energies available at the Tevatron












where B is the slope parameter (t =  q
2
and  is the ratio of the real to imaginary part of the amplitude. Here we
have assumed that for small q
2
that is a constant. At high energy is quite small and we take it to be zero in our
































































The nucleus-nucleus cross sections can be obtained from equations (2.9) and (2.10) by letting A! AA
0
and using

























= Ei(MD)   ln( MD)    (2.13)
where  is Euler's constant, can be used to evaluate these cross sections for large A or AA
0
.
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(R) plotted as a function of quark separation R. The dashed curve is our
empirical form and the solid curve is the result using the Breit-Fermi formula.
TABLE I. Predicted and Experimental masses of the V
LS
independent cc and b

b states
State Pred. Mass (GeV) Exper. Mass (GeV)

c
(1S) 2.979 2.980
10.249 10.258
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